INTRODUCTION
Oral fluids, including saliva, gingival crevicular fluid, and mucosal transudates have been widely used for monitoring drugs, hormones, and a variety of other molecules and chemical substances for over 50 years (34, 35, 53, 54, 68) . During the past decade, the use of oral fluids also has been advocated as a noninvasive alternative to the collection of blood for the detection of antibodies to a number of specific bacterial (32, 82) , viral (1-4, 18, 40, 61-65, 75) , fungal (41) , and parasitic (17, 20) agents. Particular attention has been given to the value of oral fluids for the diagnosis of infection with human immunodeficiency virus (HIV) (58, 73) .
Oral-fluid testing for HIV antibodies was first reported by Archibald et al. (1) (2) (3) (4) and Parry et al. (60, 61) . As summarized by Malamud and Friedman (51) , in studies with saliva conducted between 1986 and 1991, the concordance between positive serum tests and positive saliva tests for the detection of HIV antibodies ranged from 70 to 100%. The less-than-perfect agreement has led to considerable confusion regarding the efficacy of using oral fluids in screening for HIV antibody. This is due, in part, to variations in the type and volume of oral sample collected, how the sample is handled prior to testing, the concentration of immunoglobulin (Ig) G present, and if testing methods have been modified to accommodate the use of oral fluids. In early studies that reported poor sensitivity, whole saliva was used and there was little consideration for the volume and condition of the sample needed and the choice of screening assays employed. For this reason, investigators have developed specialized collection devices that enhance the level of antibodies, particularly IgG, in oral specimens, ensure sufficient specimen volume, and include reagents to prevent microbial growth and proteolytic breakdown of antibodies. In general, this has been accomplished by collecting oral fluids enriched in gingival crevicular fluid and mucosal transudate, which possess increased levels of IgG relative to saliva (46, 66) . In addition, recent modifications to existing HIV antibody assays and the development of extremely sensitive assays specifically designed for oral fluids have greatly improved the accuracy of oral-based diagnostic tests for antibodies to HIV and have compensated for the low levels of antibodies present in oral secretions compared with serum (46, 66) .
In this review, we assess the usefulness of saliva and other oral fluids for the detection of HIV antibodies, discuss the devices employed for specimen collection, and analyze the current reliability and accuracy of performing HIV antibody tests on oral secretions compared to serum or plasma.
SPECIMEN OF CHOICE
Whole saliva, glandular-duct saliva, or mucosal transudates are specimens that can be collected for tests to detect antibody to HIV in oral secretions. A basic understanding of these different types of oral fluids, however, is necessary in choosing which oral fluid is the most appropriate and which method of recovery is best suited for the testing system employed. Detailed information on the nomenclature, specimen collection, and immunobiology of oral fluids can be found in references 5, 46, 58, 59, and 66. Best results are obtained with oral fluids that are rich in IgG, since the primary humoral immune response to HIV infection involves mainly this class of antibodies.
Whole saliva. Whole saliva is the fluid obtained from the mouth by expectoration and includes secretions from the parotid, submandibular, sublingual, and minor salivary glands as well as transudates of the oral mucosa. It contains mostly secretory IgA and low levels of IgG (58) . Whole saliva also contains bacteria, leukocytes, mucin, desquamated epithelial cells, and food debris, which may lead to degradation of IgG by bacterial and salivary proteases and makes the specimen difficult to process due to the viscosity. Either unstimulated saliva or saliva secreted in response to exogenous stimulation can be collected. Unstimulated saliva is obtained by tilting the head forward and dribbling saliva from the lower lip into a graduated test tube fitted with a funnel. After 5 min, the subject expectorates any remaining saliva from the mouth. To stimulate saliva, Parafilm, paraffin wax, neutral gum base, or rubber bands can be employed as mechanical stimuli. Dribbled saliva has a stability of 5 days at room temperature but can be stored for longer times at 4 to Ϫ20°C (63) .
Glandular-duct saliva. Saliva from the parotid, submandibular, and sublingual glands is obtained directly from the glandular ducts with specially designed collectors. Absorbent filter paper or suction aspiration with a micropipette can be used for the collection of secretions from the minor salivary glands. Glandular-duct saliva contains predominantly secretory IgA and should be stored as described for whole saliva.
Oral mucosal transudates. Oral mucosal transudates are fluids from the capillaries beneath the buccal mucosa and at the base of the crevice between the teeth and gums. These fluids not only contain secretory IgA but are rich in IgG and IgM that originate in the plasma and are passively transferred to the mouth across the mucosa and through the gingival crevices. The IgG concentration in oral mucosal transudates, however, is less than that in plasma but higher than that in whole saliva (46, 66) . Thus, a device is required to collect these fluids in order to efficiently enrich and elute the IgG antibodies; saliva production should not be stimulated during the collection, as this will only decrease the concentration of IgG present in the final specimen. The terms "crevicular fluid," "gingival crevicular fluid," and "crevicular fluid saliva" also have been used to describe oral mucosal transudates.
COLLECTION DEVICES
Several devices are commercially available for the collection of oral mucosal transudate specimens for the detection of HIV antibodies (Fig. 1) . These include Salivette (Sarstedt Ltd., Leicester, United Kingdom), Orapette (Trinity Biotech, Dublin, Ireland), Omni-SAL (Saliva Diagnostic Systems, Inc., Vancouver, Wash.), and OraSure (Epitope, Inc., Beaverton, Oreg.). The devices are simple, safe, and convenient to use and provide an adequate homogeneous specimen with low viscosity. Specimen collection, however, must be supervised and the instructions must be carefully followed to ensure specimen adequacy. A transport buffer provided with the Omni-SAL and Orasure devices contains antimicrobial agents and protein stabilizers. Specimens may be stored at temperatures of 4 to 37°C for 21 days or at Ϫ20°C for longer periods (27, 72, 78) .
Salivette. With the Salivette device, a compressed cylinder of cotton is placed in the mouth and is gently chewed for approximately 1 min to enhance the release of oral mucosal transudates. The saturated cotton is then placed inside the provided stoppered inner tube which has a small hole in its base. The inner tube fits into an outer tube which possesses a conical base, and oral fluids are collected by centrifugation.
Orapette. The Orapette device includes a small, rayon ball and a snapped-cap plunger which screws into a receiving container. The rayon ball is placed in the mouth, and the subject is asked to concentrate on collecting oral fluids from around the teeth and gum area until the rayon is completely saturated. The saturated rayon ball is then placed into the receiving container, and the plunger is screwed into the container, compressing the rayon and releasing drops of oral fluid from a small opening in the container. The fluid is collected in a stoppered tube suitable for transport and testing.
Omni-SAL. The Omni-SAL device employs a compressed, absorbent cotton pad attached to a plastic stem. The pad is placed under the tongue and absorbs fluid from the floor of the mouth. The device incorporates an indicator on the plastic stem that turns from white to blue when an adequate amount of sample has been collected. The collection pad is then inserted into a stoppered transport tube containing 1.1 ml of phosphate-buffered saline, pH 7.0, protease inhibitors, surfactants, antimicrobial agents, and 0.2% sodium azide as a preservative. In the laboratory, the collection pad is compressed and the eluate is filtered with a piston-style filter.
OraSure. The OraSure oral-specimen collection device is the only apparatus that has been licensed by the Food and Drug Administration (FDA) for use in the detection of HIV antibodies in oral fluids. The collection device is available only by order of a physician, and certain restrictions apply to its use. The device is intended for subjects 13 years of age and older, it is not to be provided to subjects for home use or to be used to screen blood donors, the use of the device must be administered by properly trained personnel, and test subjects must receive an information pamphlet that explains the limitations of the procedure prior to specimen collection. To obtain the device from the manufacturer, a physician is required to sign a letter of agreement accepting responsibility for the proper training of personnel and use of the collection device, the reporting of test results, and counseling of the subject about the results and attesting that specimen collection and HIV antibody testing are done in accordance with laws and regulations concerning consent and confidentiality. Training materials and proficiency panels are supplied by the manufacturer to physicians or laboratories that want to become qualified to collect and test the oral-fluid specimens.
OraSure uses a flat, absorbent cotton pad which is treated with a salt solution containing 3.5% sodium chloride, 0.3% citric acid, 0.1% potassium sorbate, 0.1% sodium benzoate, and 0.1% gelatin (pH 7.2). The treated pad is then dried, attached to a plastic handle, and packaged for use. For collection of oral specimens, the subject is instructed to place the pad between the lower cheek and gum and to rub back and forth until moist. The pad is then held in place for 2 min, removed from the mouth, and placed into a stoppered transport vial with 0.8 ml of aqueous solution containing 0.5% Tween 20 and 0.01% chlorhexidine digluconate as preservatives. Following transport to the laboratory, the fluid is eluted from the pad and the eluate is recovered by centrifugation.
Foam swab. Oral-fluid specimens can also be obtained by using a polystyrene foam swab developed at the Public Health Laboratory Service Virus Reference Division, London, United Kingdom (63) . The tip of the foam swab is similar to a soft sponge and is saturated with oral mucosal transudates by rubbing the swab along the junction of the teeth and gums for approximately 1 min. The oral fluids are then extracted from the swab into 1 ml of phosphate-buffered saline, pH 7.2, containing 0.2% Tween 20 and 10% fetal calf serum and collected by centrifugation (74) . This device is not commercially available.
For each device, a sufficient volume of fluid must be obtained for testing, and this is measured by the laboratory receiving the specimen or, as with the Omni-SAL device, by using an indicator of specimen adequacy. Collections typically yield from 0.5 to 1.5 ml of oral mucosal transudate. It has been reported by Mortimer and Parry (57) that for 5% of subjects it may be difficult to obtain enough specimen to saturate a collection device because of parched mouth. Also, there is no assurance with these devices that the appropriate type of fluid and concentration of IgG has been obtained. It has been suggested that IgG levels be determined for each specimen prior to testing and that only specimens with at least 0.5 mg of IgG per liter be used (57) . Current methods for quantifying IgG in oral mucosal transudates, however, are complex and insensitive and add time and expense to any screening system for HIV antibody. Also, this may not be necessary with the development of more sensitive antibody assays. To our knowledge, there have been no published studies that have directly compared all of the different devices for the collection of oral fluids for the detection of HIV antibodies. The cost of using oralfluid collection devices is comparable to the expense of collecting blood specimens, while there is little cost involved in the collection of dribbled whole saliva. Table 1 summarizes the data of 44 studies that compared the use of oral fluids with the use of serum for the detection of HIV antibodies. We have limited our review to data published in full manuscripts, excluding studies published only as abstracts. The mean sensitivities of oral-fluid-based screening for HIV antibody were reported to be 95.2% (range, 50 to 100%) for whole saliva compared with 98.6% (range, 92.7 to 100%) for OraSure, 98.1% (range, 90.7 to 100%) for Omni-SAL, and 97.9% (range, 88 to 100%) for Salivette. The mean specificities of HIV screening tests with oral-fluid samples were uniformly high: 99.0% (range, 84.1 to 100%) for whole saliva, 99.9% (range, 99.2 to 100%) for OraSure, 99.7% (range, 98.7 to 100%) for Omni-SAL, and 98.0% (range, 81.8 to 100%) for Salivette. Single studies involving Orapette or foam swab collection devices reported sensitivities of 100% for both systems and specificities of 99.8 and 100%, respectively. In all reported studies, the sensitivity of oral-fluid testing was measured by using samples collected from known HIV-seropositive individuals and the specificity was determined with specimens obtained from individuals who were at low risk for HIV and were seronegative.
SCREENING FOR HIV ANTIBODY IN ORAL FLUIDS AND SERUM
McAlpine et al. (56) have reported a sensitivity range of 96.9 to 100% and a specificity range of 89.9 to 100% for 13 bloodbased screening assays for antibodies to HIV, and van Kerckhoven et al. (80) have demonstrated sensitivity and specificity ranges of 96.6 to 100% and 85.6 to 100% for 36 commercial blood-based assays. A study of six commercial rapid serological tests for HIV-1 antibody conducted by Malone et al. (52) revealed a sensitivity that ranged from 89.2 to 100% and a specificity ranging from 56.5 to 100%. A more recent study by Silvester et al. (69) reported sensitivity from 99.5 to 99.9% and specificity from 99.5 to 99.9% for four commonly used bloodbased enzyme immunoassays that detect antibody to both HIV-1 and HIV-2. Most of the reports in Table 1 clearly demonstrate that antibodies to HIV can be detected in whole saliva and oral mucosal transudate specimens with a sensitivity and a specificity comparable to those of assays which use serum.
The data presented also suggest that the appropriate use of an oral-fluid collection device increases the overall performance of HIV antibody screening assays compared to the collection of dribbled whole saliva, although direct comparative studies of whole saliva and the various collection devices have not been accomplished. This is thought to be due to the increased levels of IgG in oral mucosal transudates and the use of preservatives in the collection devices to maintain antibody integrity. Cordeiro et al. (14) have reported IgG levels to be 7.2 to Ͼ100 mg/liter when oral fluids are collected with a collection device. This is well above the recommended level of 0.5 mg/liter needed to accurately detect HIV antibody in oral fluids. Also, Gaudette et al. (27) have demonstrated that preservatives provided within some collection devices effectively inhibit microbial overgrowth of collected oral-fluid specimens and maintain the stability of IgG levels during long-term storage, whereas a marked and progressive decline in IgG was observed in unpreserved whole saliva. Of the collection devices for which multiple studies have been performed, use of the OraSure device resulted in the highest reported sensitivities and specificities for the detection of HIV antibodies in oral fluids.
A number of different screening assays have been employed for the detection of HIV antibodies in oral fluids (Table 1). These include both conventional enzyme immunoassays (EIA) and rapid tests designed for use with serum or plasma samples, as well as an IgG antibody capture radioimmunoassay (GACRIA) and enzyme-linked immunosorbent assay (GACELISA) optimized for the detection of HIV antibody in specimens that contain low concentrations of immunoglobulin (12) . With screening assays intended primarily for serum or plasma, modifications to the system must be made for oral-fluid specimens. These have included increasing the sample volume, decreasing the sample diluent volume, increasing the specimen incubation time, and lowering the optical density cutoff. When such changes are made and assay protocols are optimized to accept oral-fluid specimens, the sensitivities and specificities of these assays are equal to those observed with serum. However, not all blood-based assays have produced consistent results for oral fluids. 
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The GACELISA has been used in 17 of the 44 reported studies in Table 1 , and highly sensitive and specific results have been obtained with both whole saliva and specimens obtained with oral-fluid collection devices. The assay also has demonstrated superiority to many of the conventional EIA formats, as capturing HIV-specific antibody to a solid phase allows for the enhanced detection of low levels of HIV antibody in oralfluid specimens. Recently, Lamey et al. (45) have observed excellent results when using the GACELISA on any component of saliva, including not only whole saliva and oral mucosal transudate but saliva obtained from parotid, submandibular, and minor salivary glands. Testing of oral fluids by the GACELISA has been shown by Tess et al. (74) to be an accurate and acceptable method for assessing the HIV infection status of children older than 12 months of age who were born to infected mothers. Connell and Parry (13) have also shown that the GACELISA can detect HIV antibodies in oral fluids at the same time or within a few days of seroconversion following primary infection, whereas other commercial assays may take up to 4 weeks after seroconversion to detect antibodies in oral fluids. The GACELISA is manufactured by Murex Diagnostics, Ltd., Dartford, United Kingdom, and is currently available only on the international market.
The FDA has recently approved a commercial HIV antibody test that is specifically designed for use with oral-fluid specimens. The oral-fluid Vironostika HIV-1 Microelisa system (Organon Teknika Corporation, Durham, N.C.) has been licensed for use with the associated OraSure collection device. In two large comparative trials using this system, sensitivities and specificities of 99.9% were reported by Gallo et al. (26) and 99.2% by Granade et al. (31) , respectively. This EIA is identical to the serum-based Vironostika HIV-1 assay, except that the procedure has been modified by decreasing the sample dilution from 1 to 75 for serum to 1 to 2 for oral fluids. The test system is approved for use in subjects 13 years of age and older.
Rapid and simple "point-of-care" tests which use techniques involving membrane capture or particle agglutination have also been used for the detection of HIV antibody in oral fluids. Similar to the conventional EIAs described above, most of these rapid assays were originally designed to be used with serum or plasma but have been modified to analyze oral-fluid specimens. The performance of serum-based rapid assays for the detection of HIV antibody in oral fluids has been reported by many investigators to be excellent (Table 1 ). In particular, the TestPack HIV-1/HIV-2 (Abbott Laboratories, Abbott Park, Ill.) rapid assay performed exceedingly well, with a sensitivity of 98.6% (range, 95 to 100%) and a specificity of 99.9% (range, 99.3 to 100%) in seven published studies. Recently, a prototype oral-fluid-based rapid dipstick assay (OraScreen; Beacon Diagnostics, Foster City, Calif.) was examined by Leow et al. (47) and, when used in combination with the Omni-SAL oral-fluid collection device, was found to have a sensitivity of 94.7% and a specificity of 99.5%. The assay consists of a nitrocellulose membrane spotted with HIV-1 and HIV-2 viral lysates and two reference spots used as a negative control and for the detection of human IgG antibody. The membrane is reacted with an oral-fluid sample, followed by the addition of a conjugated secondary antibody and substrate. The assay is completed in 15 min, and a positive result is read as a blue-purple dot in the IgG reference and test wells. Saville et al. (67) have recently studied two combinations of oral-fluid collection devices and rapid assays designed specifically to detect HIV-1 and HIV-2 antibodies in oral fluids. The combinations of the Orapette collection device with SalivaCard HIV-1/HIV-2 assay from Trinity Biotech and the Omni-SAL (Saliva Diagnostics Systems) collection device with the ImmunoComb II HIV-1 and HIV-2 (Orgenics) were shown to be 100% sensitive and 99.8 to 100% specific in testing oral fluids collected from HIV-seropositive and -seronegative individuals. The SalivaCard HIV-1/ HIV-2 assay involves the chromatographic diffusion of sample, enzyme-conjugated secondary antibody, and substrate along a solid matrix coated with synthetic HIV peptides. Interaction of HIV-specific antibodies with the peptide antigens results in a blue color of an intensity equal to or greater than that of a provided control. The assay is completed in 12 min. The ImmunoComb II HIV-1 and HIV-2 assay incorporates a plastic comb with 12 projections which are sensitized in three separate spots with either HIV-1 or HIV-2 synthetic peptides or goat antibodies to human IgG as an internal control. By using a modified dipstick technique, the projections are placed in a developing plate that contains six rows of 12 wells each; samples of oral fluids are placed in the first row of 12 wells, and each subsequent row of 12 wells contains a different reagent used for the next step of the assay. The comb is moved from row to row with incubations at each step, and the results are read as a gray-blue spot on the projections of the comb indicating the detection of antibody to HIV-1 or HIV-2 and the presence of human IgG antibody bound to the control spot. A total of 10 specimens and two controls can be tested in approximately 35 min with this method. The main advantages of using rapid assays for the detection of HIV antibody in oral fluids are speed, simplicity, and convenience. The performance of these assays requires limited laboratory resources and training of personnel, and many of the assays are formatted to include built-in quality controls. Unlike conventional EIAs, they also can be performed without electricity and sophisticated equipment, which may be unavailable in developing countries and under certain testing situations in the field. In conjunction with an appropriate oral-fluid collection device, certain rapid assays have demonstrated a degree of sensitivity and specificity for the detection of HIV antibody comparable to those for serum.
CONFIRMATORY TESTING
Available data on the use of Western blot techniques to confirm the presence of HIV antibody in whole saliva and oralfluid specimens collected with various devices are summarized in Table 2 . The performance of confirmatory Western blots on oral-fluid specimens was initially problematic, with many indeterminate and negative reactivities compared to results for matched serum specimens. Although reactivities to the HIV-1 envelope proteins gp160 and gp120 were observed for most oral-fluid specimens, other HIV-specific proteins were not seen with any consistency. Larger specimen volumes were also necessary to compensate for the loss of Western blot sensitivity, but adequate volumes were not always available for all oralfluid specimens. Modifications in the chemistry and procedures of both commercial and in-house standard Western blot methods, however, have allowed for efficient and accurate detection of antibodies to HIV-1 in oral fluids by Western blot. In particular, Granade et al. (30) have developed an in-house miniaturized Western blot assay that has been optimized by decreasing the specimen dilution and increasing the specimen and conjugate incubation times. This technique requires much smaller specimen volumes than those used in conventional Western blot procedures, and specimen dilution is minimized so as not to decrease the IgG concentration in the oral fluids.
A confirmatory test for oral-fluid specimens has been approved by the FDA. The OraSure HIV-1 Western blot kit (Epitope Inc.) is a modification of the manufacturer's Western blot assay for serum and has been licensed for use with oral-fluid specimens collected with the OraSure collection device and that are found to be repeatedly reactive by the oral-fluid Vironostika HIV-1 Microelisa system. Gallo et al. (26) recently demonstrated that this Western blot procedure has a sensitivity and a specificity comparable to those obtained for matched serum specimens for HIV antibody. The sensitivity of this assay was achieved by decreasing the specimen dilution from 1 to 51 for serum to 1 to 7.7 for oral fluids, increasing the incubation of specimens with Western blot strips from 1 h to 3 h, and using a highly sensitive enzyme-substrate combination as part of the antibody detection strategy.
APPLICATIONS
There are many advantages to using oral fluids instead of serum or plasma specimens in serological assays for antibodies to HIV. The collection of oral fluids is rapid and less invasive and does not require laboratory personnel with special training; patients can easily obtain the samples themselves. Collection of oral-fluid specimens also increases compliance (7, 11, 50) and alleviates the fear that patients may experience when having their blood drawn. It reduces the potential danger to the health professional through blood exposure and provides a safer sample to handle since saliva and oral fluids have been shown to inactivate HIV and possess less infectious virus than blood (51, 85) . The use of oral fluids in screening for HIV antibody may also benefit more challenging populations whose blood may be difficult to obtain, including children, hemophiliacs, obese people, and the elderly and infirm, and may permit improved access for the surveillance of intravenous drug users, homeless persons, sex industry workers, and persons in developing countries. It has also been shown that recent food intake, dentition, poor oral hygiene, gingivitis, periodontitis, oral ulcers, tobacco consumption, and the use of anticholinergic drugs have no effect on test results for oral-fluid specimens (6, 19) and that oral-fluid testing is not affected by conditions known to be associated with increased frequency of false-positive blood-based HIV test results, such as autoimmune disease, multiple births, other viral infections, or polyclonal or monoclonal gammopathy (26) . Finally, the use of oral fluids may afford a greater opportunity to screen for HIV antibodies in physicians' a Data includes only matched oral-fluid and serum specimens that were positive for HIV antibodies by a screening assay.
b A positive oral-fluid Western blot was defined as one demonstrating at least two envelope bands (gp 160, gp 120, or gp41) according to the World Health Organization (WHO) criteria (84) or at least two of three bands (gp160/gp120, gp41, or p24) as defined by the Centers for Disease Control and Prevention (CDC) and the Association of State and Territorial Public Health Laboratory Directors (8) . Ten laboratories used the CDC criteria, three laboratories used the WHO criteria, and the criteria were not stated for two of the laboratories. and dentists' offices, point-of-care settings, public health institutions, and community outreach programs. Although oralfluid-based testing for HIV antibody has been suggested for home use, collection devices and antibody assays have not been approved for this purpose.
SPECIFIC ISSUES AND FUTURE CONSIDERATIONS
We have reviewed the use of oral fluids and the performance of a variety of serological assays for the detection and confirmation of HIV antibody and conclude that testing of oral fluids is a viable alternative to blood for the detection of antibodies to HIV. Although earlier studies showed inconsistent results with less than optimum sensitivity and specificity, results of more recent work are far more encouraging. With an adequate collection of oral fluids and an appropriate choice of antibody assays, testing of oral-fluid specimens is as accurate as screening blood for HIV antibody.
As with screening and confirmatory assays designed for the detection of HIV antibodies in serum or plasma, testing technologies and strategies using oral fluids continue to evolve. Developed procedures for specimen collection and testing of oral fluids require further improvement and standardization, and appropriate quality assurance programs must be established for use of oral fluids. Direct comparisons of the various oral-fluid collection methods are needed to better determine their reliability, appropriateness, ease of use, and cost. More research is also necessary to develop testing strategies and algorithms for use with oral fluids that comply with the accepted standards used for blood testing and to define testing situations where the use of oral fluids is the most appropriate. It would appear that it is only a matter of time before standard protocols are established and implemented for the use of oral fluids in donor screening, monitoring populations for the prevalence of HIV, diagnosing HIV infection, and research.
